BACKGROUND: Despite the marked increase in cardiovascular risk factors in Spain in recent years, the prevalence and incidence of cardiovascular diseases have not risen as expected. Our objective is to examine the association between consumption of olive oil and the presence of cardiometabolic risk factors in the context of a large study representative of the Spanish population. SUBJECTS AND METHODS: A population-based, cross-sectional, cluster sampling study was conducted. The target population was the whole Spanish population. A total of 4572 individuals aged X18 years in 100 clusters (health centers) were randomly selected with a probability proportional to population size. The main outcome measures were clinical and demographic structured survey, lifestyle survey, physical examination (weight, height, body mass index, waist, hip and blood pressure) and oral glucose tolerance test (OGTT) (75 g). RESULTS: Around 90% of the Spanish population use olive oil, at least for dressing, and slightly fewer for cooking or frying. The preference for olive oil is related to age, educational level, alcohol intake, body mass index and serum glucose, insulin and lipids. People who consume olive oil (vs sunflower oil) had a lower risk of obesity (odds ratio ( 
INTRODUCTION
The high rates of morbidity and mortality due to cardiovascular diseases represent one of the greatest social and health care problems in developed countries, as well as in many developing areas. In Spain, cardiovascular disease is the leading cause of mortality, accounting for 31.1% of all deaths. 1 It is generally accepted that humans have a certain genotype, resulting from evolution, that has remained unchanged over the past several thousand years, and that the increase in the prevalence of obesity and other associated disorders, such as type 2 diabetes mellitus, is the result of the interaction between this genotype and the changes in lifestyle in industrialized countries. 2 Two of the most important of these changes relate to a reduction in physical activity and an increase in the consumption of energy from fats. Though numerous studies have examined the effect of the different dietary fats on plasma lipid levels, 3 the role of these fats in the increase in obesity or type 2 diabetes mellitus is still not fully explained. Whereas some authors defend the importance of the fats, 4 others question it, 5 and some studies have even found a negative correlation between fat intake and increased prevalence of obesity. 6 Other studies have focused on the type of dietary fat, with some finding a weak positive association with the intake of animal fats and a negative association with the intake of vegetable fats. 7 Most studies have examined the role of the saturated fatty acids and the n-6 and n-3 fatty acids, [8] [9] [10] with less being known about the role played in body weight by the monounsaturated fatty acids (MUFA).
Although the biological effect of a MUFA-rich diet on plasma lipids has been known since the middle of the last century, it was not until more recently that different studies determined the effect of dietary MUFA on the risk for obesity, type 2 diabetes mellitus, the various plasma lipid patterns and numerous other clinical and biological variables. [11] [12] [13] Despite the highly significant increase in cardiovascular risk factors in recent years in Spain, 14 the prevalence and incidence of cardiovascular diseases have not risen at the expected rate; 15 this situation has become known as the 'Spanish paradox'. 16 The aim of this study was to examine the association between consumption of olive oil and the presence or absence of various cardiometabolic risk factors in the context of a large study representative of the whole Spanish population.
MATERIALS AND METHODS

Study population
The Di@bet.es Study was a national, cross-sectional, population-based survey conducted in 2009-10. A cluster sampling design (100 health centers randomly selected with a probability proportional to population size) was used to select participants, forming a representative random sample of the Spanish population. Of the eligible adults, 55.8% attended for examination, of whom 9.9% were excluded by protocol (institutionalized, severe disease, pregnancy or recent delivery) and 0.54% because of missing data. We excluded people with previously diagnosed diabetes (n ¼ 475) for the analysis carried out in this paper. Less than 0.5% consumed oils other than olive oil or sunflower oil, and these other oils were not included in the analysis (n ¼ 25). The final sample was 4572 individuals aged X18 years.
The study was approved by the Ethics and Clinical Investigation Committee of Carlos Haya Hospital (Malaga, Spain) in addition to other regional ethics and clinical investigation committees all over Spain, and written informed consent was obtained from all the participants.
Variables and procedures
Participants were invited by mail and/or telephone to attend one examination visit at their health center. Information was collected using an interviewer-administered structured questionnaire, followed by a physical examination by a nurse, who prior to the study had undergone a specific training course in order to standardize procedures (fieldwork was conducted by seven teams each composed of a nurse and a dietician). Fasting blood sampling and an OGTT were performed.
Socio-demographic data collected included age, sex, education (grouped into compulsory education only or not compulsory education: high school or university), smoking status (current smoker, ex-smoker or never smoker), level of daily physical activity (light, moderate, intense), sports during leisure time (at least once a week), and personal history of diabetes, hypertension and hypercholesterolemia.
Subjects were asked about alcohol intake (at least once a week) and about the type of oil commonly used (olive oil, sunflower oil, high-oleic sunflower oil or other) and its form of use (dressing, cooking or frying), and whether it was used alone or mixed with other oils. People were classified according to the type of oil they usually consume: only olive oil for dressing, cooking and frying, only sunflower oil, or sometimes one and sometimes another.
Weight, height, and waist and hip circumferences were all measured by standardized methods. 17 Body mass index (BMI) and waist-to-hip ratio (WHR) were calculated as weight/height 2 (kg/m 2 ) and waist/hip (both in cm), respectively.
Blood pressure was measured using a blood pressure monitor (Hem-703C, Omron, Barcelona, Spain) following the manufacturer's instructions. Blood pressure was measured with the subject seated and after 5 min of rest. Two readings were obtained and their mean was used in the analyses.
Subjects with baseline capillary blood glucose levels lower than 7.8 mmol/l (140 mg/dl) and those not currently receiving treatment for diabetes underwent a standard OGTT. A venous blood sample was taken from each subject (overnight fast and post load). Samples were immediately centrifuged and stored at À 18 1C (15 days maximum) until shipment to the centralized CIBERDEM biobank, where they were stored at À 80 1C for later analysis.
Serum glucose, triglycerides and cholesterol were measured enzymatically, and HDL cholesterol by direct method on an Architect C8000 Analyzer (Abbott Laboratories SA, Madrid, Spain). Serum insulin was measured by immunochemiluminescence on an Architect I8000 Analyzer (Abbott Laboratories SA). LDL cholesterol was estimated by the Friedewald formula. The homeostatic model assessment insulin resistance index (HOMA-IR) was calculated by the formula: (serum glucose (mmol/l) Â serum insulin (mU/l))/22.5.
The diagnosis and classification of diabetes were based on plasma glucose results, using the 1999 WHO criteria. 18 Obesity was considered to be a BMI X30 kg/m 2 , 17 and abdominal obesity a waist 4102 cm in men 488 cm in women. 19 Triglyceride levels were classified as high if the serum triacylglycerols were X1.7 mmol/l, cholesterol as high if the serum cholesterol was X5.2 mmol/l, LDL as high if the serum LDL cholesterol was X3.9 mmol/l, and HDL cholesterol as low if the serum HDL cholesterol was o1.0 mmol/l in men and 1.3 mmol/l in women. 19 Hypertension was defined as ongoing antihypertensive treatment or systolic blood pressure X140 and/or diastolic blood pressure X90 mm Hg. 20 
Statistical analysis
The hypothesis testing for continuous variables was carried out using analysis of variance (ANOVA) for two or more ways (or the Kruskal-Wallis test in the event of nonnormality of distributions). Associations between the qualitative characteristics were tested by logistic regression analyses, controlling for age, sex and BMI to accommodate graded age, sex and BMI differences between the categories. To evaluate dose-response relationships, P values for trend were calculated. In all cases the level of rejection of a null hypothesis was ao0.05.
RESULTS
Over 90% of the population used olive oil for cooking or dressing and 68.9% for frying. The concordance between the three forms of using the oil was significant: cooking and dressing k ¼ 0.46 (Po0.0001), dressing and frying k ¼ 0.14 (Po0.0001), and cooking and frying k ¼ 0.37 (Po0.0001). Table 1 shows the characteristics of the population according to the type of oil usually consumed. Persons who preferentially consumed olive oil were significantly older, and there were differences in the consumption of one or the other oil according to gender. Olive oil was more frequently consumed by people with high school or university education and people who consume alcoholic drinks at least once a day. Smoking and daily physical activity level did not vary according to the type of oil consumed.
BMI and prevalence of obesity adjusted by age and sex were lower in people who consumed olive oil, but there were no differences with regard to waist, WHR or prevalence of abdominal obesity. Fasting and post load glucose were slightly different between groups, resulting in a higher number of people with impaired glucose regulation (IGR) in the sunflower oil group, but the prevalence of unknown diabetes mellitus was similar. There were no differences with regard to fasting insulin or HOMA index between groups, but post-OGTT insulin was lower in the olive oil group and higher in the sunflower oil group with a significant trend. There was a significant interaction (Po0.0001) between the type of oil used and the different degrees of carbohydrate tolerance (Figure 1, upper panel) in the explanation of HOMA index variability. Those persons who had impaired glucose tolerance (IGT) or IGT þ impaired fasting glucose (IFG) and who consumed sunflower oil had higher levels of HOMA-IR than those who consumed olive oil or any of the other oils. The obese persons who consumed only sunflower oil had higher insulin resistance than those who consumed olive oil (Figure 1 , bottom panel) with a significant interaction type of oil and obesity (P ¼ 0.01).
There were no differences in blood pressure or blood hypertension presence between groups. Neither total cholesterol nor LDL cholesterol was different according to the type of oil, but there were significant differences with regard to HDL cholesterol and triglycerides between groups (Table 1) .
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As shown in Table 2 , the consumption of olive oil was significantly associated with a lower risk of being obese or having abdominal obesity, though after adjusting for age, sex and, in the case of abdominal obesity, by BMI. Persons who more often consumed olive oil had a lower risk for IGR, but not for diabetes mellitus or high blood pressure.
People who consumed olive oil had less likelihood of having hypertriglyceridemia or decreased HDL cholesterol than those who consumed sunflower oil (Table 2 ). This effect of oil consumption on the HDL-cholesterol levels was modulated by the interaction between the type of oil used and other variables, such as physical activity or alcohol intake, which significantly modified the levels of HDL cholesterol (Figure 2 ). In men, and significantly so in women, there was an interaction between the consumption of oil, exercise and alcohol intake (P ¼ 0.01) (Figure 2 ), such that persons who consumed sunflower oil and performed physical exercise and consumed alcohol had the same levels of HDL cholesterol as those who consumed olive oil, but those who did not exercise or consume alcohol and who consumed olive oil had higher values of HDL cholesterol than those who consumed sunflower oil.
DISCUSSION
A recent survey by the Agencia Españ ola de Seguridad Alimentaria y Nutrició n (AESAN, Spanish Food Safety and Nutrition Agency) found that lipids in the Spanish diet supply 42.5% of energy, with fats from olive oil accounting for 17.6% of calorie intake. 21 Similar findings have been reported in other recent studies, 22 which are in agreement with the results of the present study, in which most people used olive oil for dressing, frying or cooking. The consumption of olive oil was greater in older persons, those with non compulsory studies and those living in the north of Spain. Alcohol intake is also related to olive oil preference. These This is probably due to the progressive abandonment of the Mediterranean diet in certain sectors of the population: people younger and those who are less educated tend to adopt unhealthy eating habits more often.
22
The relations between the type of dietary fat, plasma lipid levels and cardiovascular risk have repeatedly been confirmed in experimental as well as clinical and epidemiological studies. Low-fat diets usually reduce both LDL cholesterol and HDL cholesterol. [23] [24] [25] The replacement of carbohydrates by dietary fats reduces triglyceride levels and increases HDL cholesterol, [26] [27] [28] whereas the substitution of saturated fats by monounsaturated fats decreases levels of LDL cholesterol 27 or at least does not change them 28, 3 but increases levels of HDL cholesterol 26, 28 In our study, persons who consumed olive oil had lower values of triglycerides and slightly higher (but nonsignificant) levels of LDL cholesterol, and both men and women had higher levels of HDL cholesterol, with a significantly lower probability of having low HDL cholesterol levels. Of special interest was the finding of an interaction between olive oil consumption and exercise or alcohol intake. Persons who consumed sunflower oil in the presence of such environmental factors as exercise or alcohol intake, which have known effects on HDL cholesterol 29, 30 had similar levels of HDL cholesterol to those who consumed olive oil, but when these protective factors against reducing HDL cholesterol were absent the persons who consumed olive oil had higher levels of HDL cholesterol. We could speculate that consuming olive oil could compensate for the absence of these protective factors of the decrease in HDL cholesterol.
Studies relating the type of dietary fat to weight have generally found a weak positive association with the intake of animal fats and a negative association with the intake of vegetable oil, 7 though others have failed to find any association. 31 The effect of MUFA on weight control has received less attention. High-MUFA regimes seem to have a significantly more pronounced impact on fat mass than on total weight. 11 The results of this national, crosssectional study show that obese persons and persons with a carbohydrate metabolism disorder generally consumed less olive oil and that persons who consumed olive oil tended to have a lower prevalence of obesity and type 2 diabetes mellitus, supporting the hypothesis of a lower risk for obesity and type 2 diabetes mellitus in persons who consume olive oil, as found in several prospective studies 32, 33 and in a recent clinical trial in persons at high risk for cardiovascular disease. 34 Of particular note was the association found between olive oil consumption and the population pattern of insulin resistance. Insulin resistance is generally agreed to increase with the consumption of saturated fatty acids 35 and decrease with the consumption of n-3 fatty acids, 36 with the effect of n-6 fatty acids being controversial. 37 However, until recently, the association between MUFA consumption and insulin resistance has been less Olive oil and impaired glucose regulation F Soriguer et al well studied. In animal models MUFA improve insulin sensitivity in muscle as compared with saturated fatty acids by a mechanism related to the membrane translocation of GLUT4. 38 In humans, some studies have found a reduction in insulin resistance with diets rich in MUFA 39, 40 whereas others have not found this relation 41 or even detected a positive relation between the intake and levels of MUFA and insulin resistance. 42, 43 In subjects with high fasting triglyceride concentrations, a high MUFA meal causes a lower postprandial rise of insulin that a meal high in saturated fatty acids. 44 According to this data, our results show a lower elevation of post-OGTT insulin levels in subjects consuming only olive oil, while the highest elevation was observed in subjects who consume sunflower oil exclusively.
The results of the present study confirm the findings of another earlier study in southern Spain 45 and show that the association between MUFA consumption and insulin resistance is not independent of either the degree of carbohydrate tolerance or the presence of obesity, as the greater protection against insulin resistance from olive oil occurs in those persons with obesity or a carbohydrate metabolism disorder.
This study includes those limitations inherent to a cross-sectional study and which prevent observations about the directions of the associations found. Nevertheless, the study involved a large representative sample of the Spanish population. In practice, only two types of oil, olive oil and sunflower oil, are available for this population, which has enabled us to determine in a populationbased study the effect of these two oils on known cardiovascular risk factors. Another limitation may be the limited number of people who consume sunflower oil exclusively, but there was a significant trend between the three groups for most of the variables studied.
Overall, the results of this study show that, from a population point of view, the consumption of olive oil has different biological and clinical effects to those resulting from the consumption of sunflower oil. These effects are produced at multiple levels and their mechanisms are beyond the scope of this study. Several studies in recent years have shown the different effects at a molecular level of the various oils, particularly the effects relating to MUFA-rich fats and olive oil. 3, 28, 46 Adherence to a Mediterranean diet reduces mortality from cardiovascular disease. 47 The results of this study show that consumption of olive oil, independently of other variables, has a beneficial effect on these cardiovascular risk factors, particularly in the presence of obesity, impaired glucose regulation or a sedentary lifestyle, reducing the synergy between the different cardiovascular risk factors. We can speculate that this could be related to the 'Spanish paradox' 13, 48 as in Spain, despite the notable increase in recent years in obesity, hypertension, diabetes mellitus and other cardiovascular risk factors, 14 morbidity and mortality from cardiovascular diseases have not risen as expected.
